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(57) Abrege(suite)/Abstract(continued):

at least one of capabillity information regarding carriers and bands supported by the user equipment and power sharing information
the user equipment is capable of supporting; and obtaining configuration information for power sharing carrier sets. Furthermore, a
network element for to providing a power sharing carrier set configuration, the network element configured to: send an indication
from a network that carrier configuration information Is supported in a cell of the network; recelive at least one of capabillity
Information regarding carriers and bands supported by a user equipment and power sharing information the user equipment Is
capable of supporting; and provide configuration information for power sharing carrier sets.
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ABSTRACT

A method and apparatus for configuring a power sharing carrier set on a user equipment
having mulitiple component carriers, the method receiving an indication from a network that
carrier configuration information is supported in a cell of the network; providing at least one
of capability information regarding carriers and bands supported by the user equipment and
power sharing information the user equipment is capable of supporting; and obtaining
configuration information for power sharing carrier sets. Furthermore, a network element for
to providing a power sharing carrier set configuration, the network element configured to:
send an indication from a network that carrier configuration information is supported in a cell
of the network; receive at least one of capability information regarding carriers and bands
supported by a user equipment and power sharing information the user equipment is capable

of supporting; and provide configuration information for power sharing carrier sets.
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METHOD AND APPARATUS FOR POWER SHARING CARRIER SET FOR
CARRIER AGGREGATION

FIELD OF THE DISCLOSURE
[0001] The present disclosure relates to carrier aggregation and in particular

to scheduling related to carrier aggregation.

BACKGROUND

[0002] In various radio technologies, carrier aggregation is being considered
in order to support wider transmission bandwidth for increased potential peak
data rate to meet the radio technology requirements.

[0003] In carrier aggregation, multiple component carriers are aggregated and
they can be allocated in a subframe to a user equipment (UE). Thus, for
example, each component carrier may have a bandwidth of, for example, 20
MHz and a total aggregated system bandwidth of, for example, up to 100 MHz
with five component carriers. The UE may receive or transmit on multiple
component carriers depending on its capabilities. Further, carrier aggregation
may occur with carriers located in the same band and/or carriers located In
different bands. For example, one carrier may be located at 2 GHz band and
a second aggregated carrier may be located at 800 MHz band.

[0004] One radio technology in which carrier aggregation is contemplated is
the Long Term Evolution-Advanced (LTE-A) architecture. However, this Is not
meant to be limiting to the present disclosure and other radio technologies,
including HSDPA for CDMA networks may utilize similar methods and
apparatus.

[0005] In order to support multiple carrier transmission in the uplink, a UE may

require different transmitter architectures. One of the transmitter architecture



CA 02771081 2012-02-13

WO 2011/0196353 PCT/US2010/044881

issues is whether multiple carriers use one power amplifier or not. In some
instances, a power amplifier may be shared between multiple carriers. In
other instances, a power amplifier may be required for each carrier. This

could, however, affect scheduling and uplink transmission.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] The present disclosure will be better understood with reference to the
drawings, in which:

Figure 1 is a schematic diagram showing an exemplary simplified
transmitter architecture in which two component carriers utilize a single power
amplifier;

Figure 2 is a schematic diagram showing an exemplary simplified
transmitter architecture in which two component carriers each have an
independent power amplifier;

Figure 3 is a schematic diagram showing an exemplary simplified
transmitter architecture in which two power sharing carrier sets are provided,;

Figure 4A is a block diagram showing the transmission of control
information on a physical shared channel resource when control information is
sent within the same power sharing carrier set;

Figure 4B is a block diagram showing the transmission of control
information on a physical control channel resource when control information is
sent within different power sharing carrier sets;

Figure 5 is a data flow diagram showing configuration of a power
sharing carrier set between a network element and a user equipment; and

Figure 6 is a block diagram of an exemplary mobile device capable of

being used with the embodiments herein.

DETAILED DESCRIPTION OF THE DRAWINGS

[0007] To support multiple carrier transmission in the uplink, the UE may
require different transmitter architectures. Reference is now made to Figure
1. Figure 1 shows a first transmitter architecture in which two carriers share a

single power amplifier.



CA 02771081 2012-02-13

WO 2011/019633 PCT/US2010/044881

[0008] In particular, a first precoder 110 receives a physical uplink shared
channel or physical uplink control channel (PUSCH/PUCCH). The precoder
110 performs precoding and generates the parallel signal into frequency
components for subcarrier mapping, as performed in block 112. The
subcarrier mapping of block 114 is then provided to an Inverse Fast Fourier
Transform (IFFT) block 114, whose output can then be used to provide the
signal to transmit from the UE to the E-UTRAN Node B (eNB).

[0009] The output from IFFT 114 is provided to a power amplifier 120 which is
then used to amplify the signal and transmit it to the eNB.

[0010] In the embodiment of Figure 1, blocks 110, 112 and 114 form a
transmitter for a first component carrier. In a similar manner, a precoder 130,
subcarrier mapping block 132 and Inverse Fast Fourier transform block 134

are used for a second component carrier.

[0011] In the example of Figure 1, the transmitter shows two carriers sharing
a single power amplifier 120. The output from IFFT 114 and IFFT 134 are
added at block 140 before being provided to a power amplifier 120. Note that
some other components such as the digital-to-analog conversion and up-

conversion are not shown in Figure 1.

[0012] In an alternative embodiment, each transmitter chain can use its own

power amplifier. In this regard, reference is now made to Figure 2. In Figure
2. a first component carrier has a precoder 210, a subcarrier mapping block
212 and an Inverse Fast Fourier transform block 214. The output from IFFT

214 is provided to a power amplifier 216.

[0013] Similarly, a second component carrier includes a precoder 230, a
subcarrier mapping block 232 and a IFFT block 234. The output from IFFT

block 234 is provided to a power amplifier 240.

[0014] Having regard to Figure 1 and Figure 2 above, the design

implementation can depend on each UE and may be dependent on the
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frequencies of the carriers being utilized. For example, if multiple carriers are
located in the same frequency band, it may be easier to implement one power
amplifier shared by multiple carriers. However, if multiple carriers are located
in different frequency bands it may be easier to have different power

amplifiers used for the different carriers.

[0015] If each transmission to a carrier uses a different power amplifier,
current Long Term Evolution Release 8 scheduling and transmission
mechanisms could be utilized because each carrier operates independently.
Conversely, if multiple carriers share a single power amplifier, joint scheduling

for these carriers could be applied.

[0016] Further, handling of maximum and minimum transmit power limits
jointly between the carriers may also be considered when sharing a single
oower amplifier. For example, when two carriers share a single power
amplifier, and the eNB schedules two carriers to use the full power at the
same time, then a problem may arise. In particular, since the total combined
power of the two carriers should not be greater then its total transmit power
that can be handled by the power amplifier, the UE shall reduce the total
combined power by reducing the transmit power of one of the carriers or both
carriers. However, the scheduling performance on the reduced carrier could

be degraded by transmitting with a lower power than what the eNB expecits.

[0017] In LTE-A, the power amplifier structure may be different depending on
the UE implementation and/or a deployment scenario. This is, for example,
provided for in a document entitled “TP; LTE-Advanced; UE Tx
characteristics’, R4-091803, Motorola, which shows that both options
introduced above with regard to Figures 1 and 2 are considered for intra-
band carrier aggregation, while it is more likely to use separate power

amplifiers for each band for the inter-band aggregation.

[0018] Furthermore, even though the UE has a single power amplifier for

multiple carriers, it may also be possible to perform independent scheduling or

to have different maximum or minimum power limits for each carrier to limit
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complexity. If this is the case, the operation of the carriers may be the same

as the case having separate power amplifiers for each carrier.

[0019] However, in order to support efficient scheduling and uplink
transmission in all possible power amplifier structures, the present disclosure
provides for flexible operation related to multiple carriers and power amplifier

structures.

[0020] The present disclosure provides for a power sharing carrier set 1o
facilitate more efficient uplink transmissions for various types of transmitter
structures. In one embodiment, carriers sharing the same power amplifier are
included in the same power sharing carrier set whereas carriers belong to
different power amplifiers are in different power sharing carrier sets. In
another embodiment, it is also possible that carriers sharing the same power

amplifier can be grouped into different power sharing carrier sets.

[0021] Reference is now made to Figure 3, which shows an example where
four component carriers are configured to transmit an uplink signal. The first
and second component carriers share a first power amplifier and the third and
fourth component carriers share a second power amplifier. In this case,
component carrier 1 and component carrier 2 are included in the power
sharing carrier set 1 and component carrier 3 and component carrier 4 are

included as power sharing carrier set 2.

[0022] In particular, referring to Figure 3, a transmitter for component carrier 1
includes a precoder 310, subcarrier mapping 312 and Inverse Fast Fourier
Transform block 314.

[0023] Further, a transmitter for component carrier 2 includes a precoder 320,
a subcarrier mapping block 322 and an Inverse Fast Fourier Transform block
324.
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[0024] Figure 3 shows a power sharing carrier set 330, which includes
component carrier 1 and component carrier 2 through the sharing of a power

amplifier 332.

[0025] Also, as shown in Figure 3, a component carrier 3 includes a precoder
340, a subcarrier mapping block 342 and Inverse Fast Fourier Transform
block 344.

[0026] Further, a fourth component carrier includes a precoder 350, a
subcarrier mapping block 352 and an Inverse Fast Fourier Transform block
354.

[0027] Figure 3 also shows a power sharing carrier set 360 which includes
the third component carrier and fourth component carrier through the sharing
of a power amplifier 362 for the output from Inverse Fast Fourier transform

block 344 and Inverse Fast Fourier transform block 354.

[0028] The example of Figure 3 is not meant to be limiting, but merely shows
possible groupings of carriers into power sharing carrier sets. In some
embodiments the component carriers may form part of a different power

sharing carrier set, even if the component carriers share a power amplifier.

[0029] For example, in some embodiments each carrier can have a different
power sharing carrier set. Thus, four power sharing carrier sets can be
defined with regard to the example of Figure 3. However, as will be
appreciated by those in the art, the same power sharing carrier set for carriers

using different power amplifiers may be difficult.

[0030] In one embodiment, a UE informs the eNB of whether a power
amplifier is shared between carriers and the carriers within each of the power
sharing carrier sets through signaling such as radio resource control (RRC)
signaling, for example. In another embodiment, the UE informs the eNB,
through signaling such as RRC signaling, of the different carrier sets and the

list of carriers in each carrier set, without explicitly indicating power amplifiers
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are shared among different carriers. In further embodiments, the power
sharing information is implicitly signaled, for example, via a UE class or other
similar information. A new UE class could be defined to support LTE-A

features.

[0031] When new UE classes are defined, a power amplifier structure can be
included as one of the features distinguishing UE classes. For example, a 1-
bit indicator could be used to indicate whether a simple power amplifier
structure applies, namely, that component carriers located in the same band
uses the same power amplifier while component carriers located in different
bands use different power amplifiers. This may be, for example, the structure

of Figure 3.

[0032] If the UE does not signal its power sharing carrier information to an
eNB, in one embodiment, the eNB may assume that the default configuration

applies.

[0033] Characteristics of a Power Sharing Carrier Set

[0034] As used herein, a power sharing carrier set may have the following
characteristics. A first characteristic is that only one maximum allowable
transmit power is defined per power sharing carrier set. If necessary, the UE
can inform the maximum allowable transmit power for each power sharing

carrier set to the eNB through signaling such as RRC signaling, for example.
In other embodiments, the eNB may signal the maximum aliowed power {0
the UE for each power sharing carrier set based on a maximum supportable

transmit power that a UE has previously reported.

[0035] A second characteristic may be that if the data and control signaling
are transmitted in the same subframe and the Physical Uplink Shared
Channel (PUSCH) for the data transmission and the Physical Uplink Control
Channel (PUCCH) for control signaling are located in the same power sharing

carrier set but transmitted on different component carriers, control signaling
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can be transmitted in the PUSCH resource when it is desired to keep the

single carrier propriety such as in LTE Release 8.

[0036] Reference is now made to Figures 4A and 4B. Figure 4A shows a
power sharing carrier set in which the uplink control information is provided as
part of the shared channel. Figure 4B shows operation of a control channel

and shared channel over two power sharing carrier sets.

[0037] Referring to Figure 4A, the figure shows uplink control information 410
transmitted using a PUSCH resource 412.

[0038] Referring to Figure 4B, the uplink control information is transmitted in
the PUCCH resource 450 while the PUSCH resource 460 is transmitted on

the separate power sharing carrier set.

[0039] A third characteristic of a power sharing carrier set may be a rule for
setting uplink transmit power for each channel that may be similar to that
defined in LTE Release 8, in which open loop power control is applied and
corrected by TPC (transmission power control) commands signaled by the
eNB. Parameters and TPC commands for power setting can be carrier

specific or power sharing carrier set specific.

[0040] A fourth characteristic of a power sharing carrier set may be that the
UE controls the total power of multiple PUSCHs and/or PUCCHSs in the same
power sharing carrier set so as not to exceed a maximum allowable transmit
power for a particular power sharing carrier set. If the maximum transmit
power is determined by the eNB, this maximum allowable transmit power
could be the lower value of the maximum transmit power configured by the
eNB and the maximum transmit power determined by the UE after applying a
power reduction based on the actual transmit configuration such as the

number of channels, modulation, or transmit bandwidth.

[0041] A fifth characteristic of a power sharing carrier set may be in case the

total transmit power of the channels in a particular power sharing carrier set
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exceeds a maximumn allowable transmit power, several approaches may be

used to scale down the transmit power of the channels. These include:
a. A first approach includes the transmit power of some of the
selected channels remaining the same as calculated from an open loop
power control algorithm while the transmit power of the remaining
channels are scaled down from the transmit power calculated from an
open loop power control algorithm by the same scaling factor such that
a total transmit power of all channels does not exceed the maximum
allowable transmit power. Thus, for example, the transmit power of
PUCCHSs remains the same as that calculated from the power control
algorithm while the transmit power of PUSCHSs are scaled down by the
same scaling factor such that the total transmit power of all channels
does not exceed the maximum allowable transmit power;
D. In a second approach, the transmit power of all channels may
be scaled down by the same scaling factor such that the total transmit
power of all channels does not exceed the maximum allowable transmit
pOWeETr;
C. In a third approach, the relative power scaling factors across
different channels are configured by the eNB. In this case, the transmit
power of each channel is scaled down according to the relative scaling
factors across different channels such that the total transmit power
does not exceed the maximum allowable transmit power; and
d. In a fourth approach, the transmit power of channels on different
carriers could be scaled differently while ensuring that the total transmit
power of a power sharing carrier set does not exceed the maximum

allowable transmit power.

[0042] A sixth characteristic of a power sharing carrier set may be that the UE
controls the power difference between the PUSCHs and PUCCHS in carriers
within the same power sharing carrier set to be smaller than a predefined or
oreconfigured threshold. Limiting the power difference may, as will be
appreciated by those in the art, avoid unwanted noise leakage from carriers
having the higher power to carriers having the lower power. For example, the
UE could reduce the power of the channel having the higher power and the
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amount of power difference could be configured by the eNB or could be

preconfigured by the LTE specifications.

[0043] Furthermore, in one embodiment, it may be desirable to enable the
eNB to allocate all of the allowable transmit power to one carrier if other
carriers in the same power sharing carrier set are not scheduled. In this case,
uplink power headroom could be reported per carrier or band as proposed.
The power headroom can be calculated by the UE based on the maximum
allowable transmit power for the power sharing carrier set or can be
calculated based on a predefined reference transmit power configured by the

eNB through signaling such as RRC signaling.

[0044] Configuration

[0045] To configure a power sharing carrier set by the eNB, the UE should
report to the eNB its capabilities and power sharing information. Power
sharing information indicates whether there exists power sharing between

carriers.

[0046] Reference is now made to Figure 5. Figure 5 shows a data flow

diagram for enabling configuration of power sharing carrier sets.

[0047] In particular, in Figure 5 a UE 510 communicates with an eNB 512.

[0048] At the outset, a message 520 from the eNB 512 to the UE 510
indicates carrier configuration information supported in the cell. Message 520
may, for example, be provided as a broadcast for System Information
Broadcast (SIB). The carrier configuration may include a number of total
supported downlink and uplink carriers, frequency bands of downlink and

uplink carriers, pairing between uplink and downlink carriers among other

factors.

[0049] After the receipt of message 520, if the UE 510 enters the connected
mode, UE 510 reports its capabilities in message 522. The capabilities may

include information such as which carrier or band is supported or how many

10
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carriers are supported per band. For example, a UE 510 may not be able to
support all carriers. Furthermore, the UE could provide implicitly or explicitly

its power sharing information for those carriers that the UE is capable of

supporting.

[0050] Based on the information provided in message 522, eNB 512 sends
message 524 to UE 510. In message 524, the configuration of power sharing
carrier sets occurs. In particular, the eNB configures a component carrier set,
in which the UE may receive Physical Downlink Shared Channel (PDSCH) or
transmit PUSCH. The eNB configures power sharing carrier sets based on
the component carrier set. In one embodiment, the eNB decides the power
sharing carrier set based on reported power sharing information. In another

embodiment, the UE could suggest/decide the power sharing carrier set.

[0051] As seen in Figure 5, if after some time has elapsed, carrier assignment
for a particular UE changes, this can be reconfigured and reconfiguration

information may be sent to the UE 510 from the eNB 512 as shown In

message 530.

[0052] Signaling Support

[0053] Under current LTE Release 8 specifications there is no signaling for
the UE to report its power amplifier structure to an eNB. However, as pointed
out above, the eNB should be aware of what kind of power amplifier structure

is implemented in order to support carrier aggregation. For this reason, in one
embodiment, the UE may report whether power sharing exists between

carriers.

[0054] Table 1 shows an example of information field that is used to signal
power sharing between carriers. Each carrier index has its own power
sharing index (PS index). If the power sharing index is the same between
different carriers, this means that the carriers share one power amplifier or are

in one power sharing carrier set.

[
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Carrier index 'PS index
1 000
2 1000
3 000
4 - 001
5 010
Table 1

[0055] In Table 1, 3-bits are used to indicate the power sharing index. [f all
five uplink carriers proposed under current LTE-A specifications are used, this
will fit in to the 3-bit index field and in particular, the 3-bit index field could

support up to eight carriers in other embodiments or radio technologies.

[0056] The carrier index is a logical index based the cell specific carrier
configuration information. The eNB could signal the logical index per carrier
or it could be implicitly mapped in order of carrier frequency. In the case of
implicit mapping, for carriers that the UE cannot support due to UE capability
limitations, the UE can delete the power sharing (PS) index of the carrier or
reserve one of the PS index indices to indicate that the UE i1s not able to
support this capability. In other embodiments, the carrier index is a logical
index based on UE capability reported to the eNB to indicate how many

carriers or which carriers can be supported.

[0057] In addition to Table 1 above, a maximum transmit power value could
be reported per power sharing carrier set. This may be necessary if the UE
does not want to support power sharing among carriers which share the same
power amplifier, but rather supports dividing maximum power among each
carrier. For example, in Table 1 above, carrier 4 and carrier 5 may share a
single power amplifier but the UE reports different power sharing indices for
them but with a smaller transmit power value. Thus, Table 2 shows an

example of the maximum transmit power for each power sharing index.

[2
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PSindex | Maximum Tx
power [dBm]
000 23
001 20
010 20 ]
Table 2

[0058] Furthermore, as discussed above, the use of the same power amplifier
for multiple carriers is supported in intra-band carrier aggregation. Only in the
case of intra-band carrier aggregation, the eNB may need to know that power
sharing between carriers. Therefore, another way to signal the power
amplifier structure is to indicate whether the preconfigured power amplifier

structures are used without signaling the details. Reference i1s now made to
Table 3.

1 bit PA indicator | PA structure

0 Component carriers located in the

same band use the same PA, while
component carriers located in different

bands use different PAS.

1 Each component carrier uses different
PA
Table 3

[0059] In the example of Table 3, one bit of information is used to indicate the
power amplifier structure. In Table 3, the 1-bit indicator could be transmitted
to the eNB during a random access procedure, which is, for example, a
message 3 transmission. The bit may also be transmitted during UE
capability exchange procedure. The maximum transmit power is obtained by
the UE class and the P-MAX signaled by the eNB.

13
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[0060] Configuration of Power Sharing Carrier by the eNB

[0061] After the UE reports power sharing information, the eNB should
configure the power sharing carrier set to the UE semi-statically. When
carrier assignment to a particular UE changes, such power sharing sets could
be reconfigured and signaled to the UE. The same power sharing carrier set
as reported by the UE can be configured or a different power sharing carrier
set can be reconfigured if the eNB does not support the joint scheduling

between carriers.

[0062] Referring to Table 4 the table shows an example of the information
field to signal power sharing carrier set that is signaled by the eNB. Each
carrier index has a power sharing carrier set index and, similar to Table 1
above, the same power sharing carrier set index means that these carriers
share a signal power amplifier, or belong to one power sharing carrier set.
The carrier index is a logical index indicating a carrier in the configured
component carrier set. The configured component set means carriers that the
UE may schedule PDSCH/PUSCH to the UE.

Carrier index PS carrier set index
1 000
000
000

001
010
Table 4

Nl &1 GO N

[0063] In a further embodiment, if the same power sharing reporting IS
configured as reported by the UE, the eNB can simply confirm to the UE that
the configuration is the same as it is reporting. In this case, the UE
determines the power sharing carrier set index with the power sharing index
that the UE reports or applies a simple rule such as the increasing of order
indices so that the eNB and the UE are synchronized with each other.

14
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[0064] The eNB may signal the maximum allowed power to the UE, P-MAX
per power sharing carrier set. Each power sharing carrier set may or may not
have the same P-MAX. The UE transmit power should not exceed the
minimum of P-MAX (in dBm), if provided, and the maximum UE power for the

UE power class. An example of the P-MAX could be as follows:

PS carrier | P-MAX [dBm]

set Index
000 23

001 20
010 20
Table 5

[0065] Downlink Control Information Format 3
[0066] Downlink Control Information (DCI) Format 3/3A is used to transmit
power control commands to multiple UEs at once. Each UE is assigned a

TPC-Index using RRC signaling.

[0067] With power sharing carrier sets, each pair of UEs and power sharing
carrier sets may be assigned a TPC-Index. The signaling of the TPC-Index
could be accomplished by adding and indication of the power sharing (PS)
carrier set index to the TPC-Index Information element in 3GPP TS 36.331
"Evolved universal terrestrial radio access (E-UTRA); Radio Resource Control
(RRC)”, Version 8.6.0 (2009-086).

[0068] Alternatively, the current TPC-Index assignment technique is
maintained, but in DCI format 3 or 3a the PS carrier set index associated with

the corresponding power control command is implicitly or explicitly signaled to
the UE.

15
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[0069] As would be appreciated by those in the art, DCI| format O may need to
include the PS carrier set index as well for the corresponding PUSCH power
control command. A similar approach may be required for downlink resource

related DCI formats that include PUCCH power control commands.

[0070] As will be appreciated, the above can be implemented on any UE.
One exemplary UE is described below with reference to Figure 6. This is not
meant to be limiting, but is provided for illustrative purposes.

[0071] Figure 6 is a block diagram illustrating a UE apt to be used with
preferred embodiments of the apparatus and method of the present
application. Mobile device 600 is preferably a two-way wireless
communication device having at least voice communication capabilities.
Depending on the exact functionality provided, the wireless device may be
referred to as a data messaging device, a two-way pager, a wireless e-mall
device, a cellular telephone with data messaging capabilities, a wireless

Internet appliance, or a data communication device, as examples.

[0072] Where UE 600 is enabled for two-way communication, it will
incorporate a communication subsystem 611, including both a receiver 612
and a transmitter 614, as well as associated components such as one or
more, preferably embedded or internal, antenna elements 616 and 618, local
oscillators (LOs) 613, and a processing module such as a digital signal
processor (DSP) 620. As will be apparent to those skilled in the field of
communications, the particular design of the communication subsystem 611
will be dependent upon the communication network in which the device Is

intended to operate.

[0073] Network access requirements will also vary depending upon the type of
network 619. An LTE UE may require a subscriber identity module (SIM) card
in order to operate on the LTE or LTE-A network. The SIM interface 644 is
normally similar to a card-slot into which a SIM card can be inserted and
ejected like a diskette or PCMCIA card. The SIM card may hold key

16
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configuration 651, and other information 653 such as identification, and

subscriber related information.

[0074] When required network registration or activation procedures have been
completed, UE 600 may send and receive communication signals over the
network 619. As illustrated in Figure 6, network 619 can consist of multiple
antennas communicating with the UE. These antennas are in turn connected
to an eNB 670.

[0075] Signals received by antenna 616 through communication network 619
are input to receiver 612, which may perform such common receiver functions
as signal amplification, frequency down conversion, filtering, channel selection
and the like, and in the example system shown in Figure 6, analog to digital
(A/D) conversion. A/D conversion of a received signal allows more complex
communication functions such as demodulation and decoding to be
performed in the DSP 620. In a similar manner, signals to be transmitted are
processed, including modulation and encoding for example, by DSP 620 and
input to transmitter 614 for digital to analog conversion, frequency up
conversion, filtering, amplification and transmission over the communication
network 619 via antenna 618. DSP 620 not only processes communication
signals, but also provides for receiver and transmitter control. For example,
the gains applied to communication signals in receiver 612 and transmitter
614 may be adaptively controlled through automatic gain control algorithms
implemented in DSP 620.

[0076] UE 600 preferably includes a microprocessor 638 which controls the
overall operation of the device. Communication functions, including data and
voice communications, are performed through communication subsystem
611. Microprocessor 638 also interacts with further device subsystems such
as the display 622, flash memory 624, random access memory (RAM) 626,
auxiliary input/output (I1/0O) subsystems 628, serial port 630, one or more
keyboards or keypads 632, speaker 634, microphone 636, other
communication subsystem 640 such as a short-range communications

subsystem and any other device subsystems generally designated as 642.
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Serial port 630 could include a USB port or other port known to those in the
art.

[0077] Some of the subsystems shown in Figure 6 perform communication-
related functions, whereas other subsystems may provide “resident” or on-
device functions. Notably, some subsystems, such as keyboard 632 and
display 622, for example, may be used for both communication-related
functions, such as entering a text message for transmission over a
communication network, and device-resident functions such as a calculator or

task list.

[0078] Operating system software used by the microprocessor 638 is
generally stored in a persistent store such as flash memory 624, which may
instead be a read-only memory (ROM) or similar storage element (not
shown). Those skilled in the art will appreciate that the operating system,
specific device applications, or parts thereof, may be temporarily loaded into a
volatile memory such as RAM 626. Received communication signals may
also be stored in RAM 626.

[0079] As shown, flash memory 624 can be segregated into different areas for
both computer programs 658 and program data storage 650, 652, 654 and
656. These different storage types indicate that each program can allocate a
portion of flash memory 624 for their own data storage requirements.
Microprocessor 638, in addition to its operating system functions, preferably
enables execution of software applications on the UE. A predetermined set of
applications that control basic operations, including at least data and voice
communication applications for example, will normally be installed on UE 600
during manufacturing. Other applications could be installed subsequently or

dynamically.

[0080] One software application may be a personal information manager
(PIM) application having the ability to organize and manage data items
relating to the user of the UE such as, but not limited to, e-mail, calendar

events, voice mails, appointments, and task items. Naturally, one or more
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memory stores would be available on the UE to facilitate storage of PIM data
items. Such PIM application would generally have the ability to send and
receive data items, via the wireless network 619. In one embodiment, the
PIM data items are seamlessly integrated, synchronized and updated, via the
wireless network 619, with the UE user’'s corresponding data items stored or
associated with a host computer system. Further applications may also be
loaded onto the UE 600 through the network 619, an auxiliary /O subsystem
628, serial port 630, short-range communications subsystem 640 or any other
suitable subsystem 642, and installed by a user in the RAM 626 or a non-
volatile store (not shown) for execution by the microprocessor 638. Such
flexibility in application installation increases the functionality of the device and
may provide enhanced on-device functions, communication-related functions,
or both. For example, secure communication applications may enable
electronic commerce functions and other such financial transactions to be
performed using the UE 600.

[0081] In a data communication mode, a received signal such as a text
message or web page download will be processed by the communication
subsystem 611 and input to the microprocessor 638, which preferably further
processes the received signal for element attributes for output to the display

622, or alternatively to an auxiliary 1/O device 628.

[0082] A user of UE 600 may also compose data items such as email
messages for example, using the keyboard 632, which is preferably a
complete alphanumeric keyboard or telephone-type keypad, in conjunction
with the display 622 and possibly an auxiliary /O device 628. Such
composed items may then be transmitted over a communication network

through the communication subsystem 611.

[0083] For voice communications, overall operation of UE 600 is similar,
except that received signals would preferably be output to a speaker 634 and
signals for transmission would be generated by a microphone 636.
Alternative voice or audio /O subsystems, such as a voice message

recording subsystem, may also be implemented on UE 600. Although voice
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or audio signal output is preferably accomplished primarily through the
speaker 634, display 622 may also be used to provide an indication of the
identity of a calling party, the duration of a voice call, or other voice call

related information for example.

[0084] Serial port 630 in Figure 6 would normally be implemented Iin a
personal digital assistant (PDA)-type UE for which synchronization with a
user's desktop computer (not shown) may be desirable, but is an optional
device component. Such a port 630 would enable a user to set preferences
through an external device or software application and would extend the
capabilities of UE 600 by providing for information or software downloads to
UE 600 other than through a wireless communication network. The alternate
download path may for example be used to load an encryption key onto the
device through a direct and thus reliable and trusted connection to thereby
enable secure device communication. As will be appreciated by those skilled
in the art, serial port 630 can further be used to connect the UE to a computer

to act as a modem.

[0085] Other communications subsystems 640, such as a short-range
communications subsystem, is a further component which may provide for
communication between UE 600 and different systems or devices, which
need not necessarily be similar devices. For example, the subsystem 640
may include an infrared device and associated circuits and components or a
Bluetooth™ communication module to provide for communication with
similarly enabled systems and devices. Subsystem 640 may also be used for

WiFi or WIMAX communications.

[0086] The embodiments described herein are examples of structures,
systems or methods having elements corresponding to elements of the
techniques of this application. This written description may enable those
skilled in the art to make and use embodiments having alternative elements
that likewise correspond to the elements of the techniques of this application.
The intended scope of the techniques of this application thus includes other

structures, systems or methods that do not differ from the techniques of this
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application as described herein, and further includes other structures, systems
or methods with insubstantial differences from the techniques of this

application as described herein.
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CLAIMS

1. A method for configuring a power sharing carrier set on a user equipment having
multiple component carriers, the method comprising:

transmitting, from the user equipment to a network element, power sharing
information related to at least one transmitter architecture the user equipment is capabile
of supporting, the power sharing information including information on whether a power

amplifier is shared between carriers.

2. The method of claim 1, wherein the information on whether the power amplifier is
shared between carriers includes a power sharing index assigned to each carrier
supported between the user equipment and the network element, and wherein each
carrier has its own power sharing index, the same power sharing index shared between

carriers meaning that the different carriers share a power amplifier.

3. The method of claim 2, wherein the assigning is done in an order of carrier
frequency.
4. The method of claim 3, wherein the information on whether the power ampilifier is

shared between carriers includes an ordered sequence of power sharing indexes.

5. The method of claim 2, wherein the information on whether the power amplifier is
shared between carriers further includes a maximum transmit power for each power

sharing index.

6. The method of claim 5, wherein the assigning step assigns a different power
sharing index to each of two carriers sharing one physical power amplifier but having

different maximum transmit powers.

/. The method of claim 1, wherein information on whether the power amplifier is

shared between carriers is sent in a radio resource control message.
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8. The method of claim 1, wherein, if data and control signaling are transmitted in a
same subframe and if a physical uplink shared channel and physical uplink control
channel are located in a same power sharing carrier set but transmitted on different
component carriers, control signaling is transmitted in the physical uplink shared

channel resource.

9. The method of claim 1, further comprising controlling a total power of a plurality
of physical uplink shared channels and physical uplink control channels to prevent

exceeding a maximum allowable transmit power for the power sharing carrier set.

10. A user equipment comprising:

a processor; and

a communications subsystem,
wherein the processor and communications subsystem cooperate to:

transmit power sharing information related to at least one transmitter architecture
the user equipment is capable of supporting, the power sharing information including

information on whether a power ampilifier is shared between carriers.

11. The user equipment of claim 10, wherein the user equipment is configured to
assign a power sharing index to each carrier supported between the user equipment
and a network element, and wherein said power sharing index is shared between
carriers sharing a power amplifier; and

send a message from the user equipment to the network element, the message

Including the power sharing index for each carrier.

12.  The user equipment of claim 11, wherein the user equipment is configured to

assign in an order of carrier frequency.

13.  The user equipment of claim 12, wherein the message includes an ordered

sequence of power sharing indexes.
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14.  The user equipment of claim 11, wherein the message further includes a

maximum transmit power for each power sharing index.

15.  The user equipment of claim 14, wherein the user equipment is configured to
assign a different power sharing index to each of two carriers sharing one physical

power amplifier but having different maximum transmit powers.

16.  The user equipment of claim 11, wherein message is a radio resource control

message.

17. The user equipment of claim 10, wherein, if data and control signaling are
transmitted in a same subframe and if a physical uplink shared channel and physical
uplink control channel are located in a same power sharing carrier set but transmitted
on different component carriers, the user equipment is configured to transmit control

signaling in the physical uplink shared channel resource.

18.  The user equipment of claim 10, further configured to control a total power of a
plurality of physical uplink shared channels and physical uplink control channels to

prevent exceeding a maximum allowable transmit power for the power sharing carrier

set.
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